Patients with severe infections and especially sepsis have a high in-hospital mortality, but even hospital survivors face long-term sequelae, decreased health-related quality of life, and high risk of death, suggesting a great need for specialized aftercare. However, data regarding a potential benefit of post-discharge rehabilitation in these patients are scarce. In this retrospective matched cohort study the claim data of a large German statutory health care insurer was analyzed. 83,974 hospital survivors having suffered from septic shock, sepsis, and severe infections within the years 2009-2016 were identified using an ICD abstraction strategy closely matched to the current Sepsis-3 definition. Cases were analyzed and compared with their matched pairs to determine their 5-year mortality and the impact of post-discharge rehabilitation. Five years after hospital discharge, mortality of initial hospital survivors were still increased after septic shock (HR adj 2.03, 95%-CI 1.87 to 2.19; P<0.001), sepsis (HR adj 1.73, 95%-CI 1.71 to 1.76; P<0.001), and also in survivors of severe infections without organ dysfunction (HR adj 1.70, 95%-CI 1.65 to 1.74; P<0.001) compared to matched controls without infectious diseases. Strikingly, patients treated in rehabilitation facilities showed a significantly improved 5-year survival after suffering from sepsis or septic shock (HR adj 0.81, 95%-CI 0.77 to 0.85; P<0.001) as well as severe infections without organ dysfunction (HR adj 0.81, 95%-CI 0.73 to 0.90; P<0.001) compared to matched patients discharged to home or self-care. Long-term mortality and morbidity of hospital survivors are markedly increased after septic shock, sepsis and severe infections without organ dysfunction, but best 5-year survival was recorded in patients discharged to a rehabilitation facility in all three groups. Thus, our data suggest that specialized aftercare programs may help to improve long-term outcome in these patients and warrants more vigilance in future investigations.
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Introduction
Severe infections are a global health care challenge with an increasing incidence and a tremendous impact on health-care costs and mortality [1] [2] [3] . Recent estimates of the incidence of severe infections in the intensive care unit (ICU) consider that more than 50% of the ICU patients are infected and more than 70% receive antibiotics [4, 5] .
Since the latest update of the sepsis-definition by consensus, severe infections are stratified as infections without organ dysfunction, sepsis, and septic shock [6] , and this is believed to allow a reliable risk stratification of these patients regarding their in-hospital mortality [7] . However, sequelae and long-term outcome may not only relate to acute organ dysfunction, but rather to a "dysregulated", long lasting host immune response that may explain the high mortality with severe infections [4, 8] . Furthermore, due to the progress in intensive care medicine the absolute number of survivors to hospital discharge increases and should be expected to increase further [1, 2] . Accordingly, it appears prudent to assess beyond hospital discharge their long-term prognosis and medical burden [9] [10] [11] .
In the context of sepsis, prior studies demonstrated a persistently impaired quality of life and increased long-term mortality [9, 12] . Additionally, initial survivors demonstrated a markedly increased healthcare usage and an increased mortality when compared with a matched cohort of other hospitalized patients [13] . Furthermore, a worldwide survey of sepsis survivors found that respondents suffered from many physiologic, physical, and psychological impairments covering virtually every organ system and ability [14] . This suggests that there is an enormous need for specific aftercare management programs, post-discharge treatment strategies, and rehabilitation concepts so as to deal with the long-term consequences. However, to our knowledge, large studies exploring a potential impact of post-discharge rehabilitation on long-term outcome of severe infections and especially sepsis are widely lacking [11, 15] .
Consequently, we assessed 3-month to 5-year mortality, most common medical sequelae, and the impact of post-discharge rehabilitation after hospital discharge in survivors of former severe infections without organ dysfunction, sepsis and septic shock and classified these patients using an ICD abstraction strategy closely matched to the Sepsis-3 definition.
Methods and methods
Using a retrospective cohort design, we estimated the 5-year post-discharge mortality, new health related diagnoses after hospital discharge, discharge destination from the index hospital admission episode, and degree of care dependency one year after index hospital admission compared with the degree within one year prior to the index admission. This study was reviewed and approved by the Ethics Committee of the Medical Faculty of the University of Bochum (no. . Because of the deidentified nature of the analyzed data the requirement for informed consent was waived.
Patients and sample selection
Patients' data were obtained from a large German health care insurance claims database spanning the time period from January 1, 2009, through June 30, 2018. The study sample and the matched control group consisted of patients that had been admitted to an intensive care unit and the inpatient claim had indicated the presence of an infection up to December 31, 2016 (Fig 1) or no infection, respectively.
Eligible cases were identified by using the International Classification of Diseases, 10th revision, German modification (ICD-10-GM) codes, according to infection codes and explicit sepsis codes (see S1 Table) , as described previously [16] [17] [18] . If an individual patient had more than one hospital admission between January 1, 2009, and December 31, 2016, only the first index admission was considered eligible. Patients with pre-existing end-stage renal disease, home respiratory care, severe dementia, or a delirium 12 month before the index were identified using related ICD or OPS encodings. These patients were excluded from analysis to minimize a false positive patient selection due to confounding pre-existing organ dysfunctions in appreciation of the current sepsis-3 definition [6] . In addition, patients with missing data relevant to the study analysis, i.e., survival status, comorbidities, post-discharge destination, or nursing care dependency were excluded from analysis.
Following, patients were grouped using an ICD abstraction strategy to have suffered from severe infections (defined as infections without an acute organ dysfunction), sepsis (defined as infections with an acute organ dysfunction), and septic shock (defined as infections with an acute organ dysfunction and shock) compatible with the new Sepsis-3 definition [6] . ICD-10-GM codes and Operation and Procedure (OPS) codes of the German Institute for Medical Documentation that were used to identify patients with acute organ dysfunction are set forth in S2 Table. The accuracy of our ICD-abstraction strategy to comply with the Sepsis-3 definition [6] , was validated by an additional manual chart review using our hospital data records (S3 Table) . Hospital survivors were followed up for 5 years from the day of their qualifying hospital admission or, whatever occurred first, until June 30, 2018, disenrollment from health care insurance (e.g., change of health care insurer), or death.
Data source
Data were obtained from the Knappschaft Krankenkasse claims database, a large German statutory health care insurer with approximately 1.8 million insurants, which means 3% of all statutory health insured Germans accordingly. All claims can be linked using unique member identifiers and arrayed in chronological order to provide a detailed longitudinal profile of all medical and pharmacy services used by each patient. The database consists of received outpatient medications, facilities, and professional medical services. The database also includes member demographics, vital status information, inpatient and outpatient diagnoses (in the format of ICD, 10 th revision, German modification), inpatient and outpatient procedures (in the format of ICD-10-GM and OPS codes), degree of nursing care dependency (legal definition according to the first German Pflegestärkungsgesetz of January 1, 2015), and the Case Mix Index (CMI). The CMI is a relative value assigned to a diagnosis-related group in the German health care system, based on the medical conditions and procedures (diagnosis, procedures, age), complexity (comorbidity), and other needs. Thus, the CMI is meant to indicate amount of resources required to treat a given patient. In addition, all patients were categorized according to their etiology of infection that was derived from related ICD coding of the index admission.
Statistical analysis
Continuous variables are presented as means ± standard deviation (SD) in case of normal distribution and as median and interquartile range (25th; 75th percentile) in case of non-normally distributed variables. Categorical variables were characterized by numbers (and percentages) and compared using the Chi-square test. Continuous variables were compared by two-way analysis of variance (including Games-Howell's post hoc test) for parametric variables, and the Kruskal-Wallis-test (followed by the post hoc Dunn test) for non-parametric variables, as appropriate. Due to the exploratory character of our study no attempt was made to adjust for multiplicity. Odds ratios were calculated by the matched Mantel Haenszel's estimation (ratio of discordant pairs). Patients were censored as of the date of disenrollment or June 30, 2018, whichever occurred first. In this context, 26.6% (648/2440) after septic shock, 22 .4% (11905/53085) after sepsis, and 25.0% (7103/28449) after severe infections were lost to the 5-year follow up.
For matched pairs analysis we used a one-to-one (1:1) exact matching approach without replacement as described in Fig 2. Following, to compare patients discharged to home and self-care or to rehabilitation facilities a second exact matching (1:1) procedure was performed using the same matching criteria as mentioned above.
Survival probabilities were graphically assessed by the Kaplan-Meier method and compared using a two-sided log-rank test. We used a univariate Cox regression to determine a crude hazard ratio (HR crude ) of patients with former septic shock, sepsis, and severe infections without organ dysfunction compared to their matched pairs. Pertinent confounders were determined in accordance to our baseline covariates with a standardized difference of more than 10% indicating an insufficient covariate balance and evidence from previous studies regarding prespecified risk factors [11, 13, 15] . Thereafter, we used a multivariate Cox regression analysis to determine an adjusted hazard ratio (HR adj ) with age, sex, Charlson Comorbidity index, degree of nursing care dependency, hospital length of stay, comorbid conditions, and Case Mix Index as covariates.
Additionally, multivariate Cox regression analysis (adjusted for age, sex, Charlson Comorbidity index prior to sepsis, comorbid conditions, degree of nursing care dependency, etiology of infection, hospital length of stay, site of organ dysfunction, and Case Mix Index as covariates) was used to compare the survival of exactly matched patients discharged to home or self-care or specialized rehabilitation facilities with former severe infections, sepsis, or septic shock.
Results

Patient characteristics
We identified a total of 83,974 hospital survivors with former severe infections (n = 28,449), sepsis (n = 53,085), and septic shock (n = 2,440) between January 1, 2009 and December 31, 2016 ( Fig 1; Table 1 ).
Most study subjects were over 65 years old (septic shock: 84.9%, sepsis: 89.5%, severe infections: 85.0%). 52.3% (61,335/117,202) of patients were male with a statistically significant higher proportion of males in septic shock patients (58.5%, P<0.001).
The most common causes of infection were pneumonia (septic shock: 37.8%, sepsis: 37.2%, severe infections: 19.6%) and urinary tract infections (septic shock: 8.6%, sepsis: 29.7%, severe infections: 22.7%). Furthermore, there was a greater rate of abdominal (13.4%) and central line infections (6.2%) in septic shock patients compared to sepsis (5.3% and 3.4%, respectively) and severe infections (3.9% and 3.0%, respectively).
Long-Term mortality
The 5-year mortality of hospital survivors were 56.1% (1369/2440) with septic shock, 62.1% (32952/53085) with sepsis, and 52.4% (14909/28449) with severe infections (Fig 3) .
Time-dependent Cox regression revealed a significantly greater mortality risk within the 5-year observation period in patients having suffered from severe infections (HR adj 1.70, 95%-CI 1.65 to 1.74; P<0.001), sepsis (HR adj 1.73, 95%-CI 1.71 to 1.76; P<0.001), or septic shock (HR adj 2.03, 95%-CI 1.87 to 2.19; P<0.001) compared to matched controls (Table 1 ).
Medical care charges and long-term outcome
One year after the index admission, mean cumulative in-patient medical care charges of hospital survivors paid by the health care insurer averaged €10,479 (±17,190) for septic shock, €8,208 (±17,190) for sepsis, and €7,244 (±16,006) for infections cases.
On average, patients after having suffered from septic shock, sepsis, and severe infections revealed 7.4 (18,118/2,440), 7.2 (382,489/53,085), and 6.8 (190,858/28,449) new health-related diagnoses within the first year after hospital discharge, respectively. In addition, the odds ratio of being assigned to a higher level of care dependency within the first year after index hospitalization were 7.49 (95%-CI 5.97 to 9.39) in septic shock, 6.86 (95%-CI 6.53 to 7.21) in sepsis, and 6.84 (95%-CI 6.38 to 7.33) in severe infections compared to their matched controls.
Importance of aftercare
Surprisingly, most survivors were discharged home or to self-care (septic shock 53.1%, sepsis 71.1%, severe infections 82.4%), and only 14.5% of survivors of septic shock, 6.3% of those having suffered from sepsis, and 3.3% of those having suffered from severe infections were transferred to a post-discharge rehabilitation. However, the lowest 5-year mortality rates were found in patients with former sepsis or septic shock (53.4%; 1971/3960) discharged to a rehabilitation facility compared to patients discharged to home or self-care (59.6% (23381/39207). The same was true in patients with former severe infections without organ dysfunction (rehabilitation: 42.4%, 394/930 vs. home/self-care: 50.6%, 11878/23451; Fig 4) .
Following, we compared exactly matched patients discharged to a rehab facility with patients discharged to home and self-care additionally ( Table 2 and Table 3 ).
Strikingly, also these patients treated in rehabilitation facilities showed a dramatically lower 5-year mortality-risk compared to patients discharged to home or self-care after suffering from sepsis or septic shock (HR adj 0.81, 95%-CI 0.77 to 0.85; P<0.001) as well as severe infections without organ dysfunction (HR adj 0.81, 95%-CI 0.73 to 0.90; P<0.001). Impact of aftercare on outcome in severe infections
Discussion
The main findings of this study are: 1) Long-term mortality and morbidity were markedly increased for (at least) 5 years in hospital survivors of septic shock, sepsis and severe infections without organ dysfunction; 2) highest survival rates were observed in patients transferred to rehabilitation facilities. Our study in a large retrospective cohort sheds light on long-term mortality, outcome, and importance of aftercare in hospital survivors with former severe infections without organ dysfunction, sepsis, and septic shock closely matched to the Sepsis-3 definition [6] . Therefore, our findings provide hitherto missing results and complement prior studies regarding long-term outcome [12, [19] [20] [21] [22] .
Our data are in line with smaller studies suggesting that sepsis also impacts long-term mortality [21] [22] [23] . We could confirm that sepsis and septic shock are worse regarding impact on the patients' long-term outcome compared to non-infectious illnesses. These findings are in line with the population-based study of Henriksen and colleagues demonstrating an almost 2-fold greater mortality compared with sepsis-free individuals [22] . Strikingly, we elucidated that survivors of severe infections that may not be covered by Sepsis-3 definition were also affected by higher mortality risk with an estimated HR of 1.70 for the 5-year observation period. In this regard, our results corroborate the findings of Honselmann and colleagues [12] reporting a comparable 1-year mortality in pneumonia and septic patients as well as the findings of Henriksen and colleagues who found that sepsis severity (comparing sepsis, severe sepsis, and septic shock as defined by Sepsis-1 criteria) had no additional impact on 5-year survival [22] .
The same was true, but even to a larger extent with odds ratios of approximately seven for the degree of nursing care dependency and new health related diagnoses within the first year after discharge from index-hospitalization in all three entities. Taking these aspects into account, acute organ dysfunction may not to be the only decisive predictor regarding longterm outcome in severe infections [24] .
The poor prognosis as described in our study for all three groups raises the question whether a specific aftercare after discharge from hospital can improve these patients' outcome. Most studies of critical ill patients have examined the outcomes of acute rehabilitation on ICUs [25, 26] or immediately post-ICU hospital-based rehabilitation [27] that were not associated with a convincing benefit. However, there is paucity of clinical trial evidence for post-discharge rehabilitation treatment, among other aspects, because these studies have not stringently examined hard clinical endpoints such as mortality [28, 29] . Despite this insufficient evidence, experts recommend post-discharge referral to physical therapy to improve exercise capacity, strength, and independent completion of activities of daily life [30] . This recommendation is supported by one nationwide, population-based cohort study from Taiwan that showed a risk reduction of 10-year mortality by referral to rehabilitation, but not stratifying infections according organ dysfunctions [19] . In our cohort, we also found a higher 5-year survival of sepsis patients when transferred to rehabilitation facilities were greater compared to those discharged to other destinations. The same was true for patients suffering from severe infections without organ dysfunctions that may not be covered by Sepsis-3 definition. Hence, our results can provide a rationale for a rigorous approach with more attention to post-acute care in patients having suffered from both sepsis and severe infections.
Currently, only a small percentage of surviving patients were transferred to a specialized rehabilitation facility, consistent with other studies reporting that sepsis survivors are less frequently transferred to rehabilitation facilities than patients with other diagnoses [19, 31] .
Possibly, the burden carried by formerly septic patients is less appreciated outside the intensive care community and / or the logistics of transfer from an ICU to rehabilitation care does not work properly [30, 32] . Accordingly, current standard practices may be suboptimal and our data suggest that in-hospital survivors from sepsis and septic shock may benefit from a more intense post-discharge care management including a "sepsis-specific" aftercare, as suggested and investigated by the Smooth Study Group [33] . However, this hypothesis must be investigated in an independent prospective study to get a clear and unequivocal rationale for specialized aftercare and overcome the major limitations of this retrospective study. Impact of aftercare on outcome in severe infections
Limitations
In addition to the retrospective character, our study has some further limitations that should be noted here. First, we used an ICD abstraction strategy based on administrative data to identify patients with septic shock, sepsis, or severe infections without organ dysfunction. Since the Sepsis-3 definition is based on clinical criteria condensed into the SOFA score a potential bias and confounding due to using claim data may occur. Unfortunately, potentially important clinical variables (e.g., drugs or the SOFA score) during hospitalization are not part of the claim data base. Thus, residual confounding could still exist despite utmost efforts to avoid relevant bias, which could limit data reproducibility. Accordingly, we cannot entirely clarify to what extent these variables influenced outcome. However, a subsequent independent analysis revealed an accuracy of more than 90% suggesting a sufficient classification by our abstraction strategy. Importantly, this does not absolve from the obligation to investigate this association in prospective randomized controlled studies for plausibility as our results can only provide a rationale for such a study. Second, our results may be affected by changing patterns of physician's diagnosis and coding practice over time which could impact on the results of our ICD abstraction strategy. However, since the ICD-10-GM classification model has been in place since 2009 we can assume that no major changes in the coding practices occurred during the time of this study. Third, only adults in German hospitals were included and data are thus not applicable to children or to other countries, especially low-income countries. Fourth, the medical claim database does not contain information about several important clinical factors such as body mass index, more detailed severity of illness (e.g., SOFA score), and laboratory findings, and thus a priori susceptible to a biased patient selection and restricted patient stratification.
Conclusions
Long-term mortality and morbidity of hospital survivors are markedly increased in patients following severe infections and sepsis. Furthermore, the greatest survival rates were recorded in patients discharged to rehabilitation facilities. Hence, our results emphasize that sepsisrelated aftercare programs may relevantly improve prognosis of septic patients. In addition patients with severe infection, which potentially do not meet Sepsis-3 criteria, could also benefit from structured aftercare programs. In conclusion, the results of our studies warrant further investigation regarding causal relations in prospective randomized controlled trials.
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